Side C hain L iquid C rystalline P olym ers, Liquid C rystalline T h iop h en e Siloxanes, T h iop h en e D erivatives, Styrylthiophene D erivatives, 4-(5-A lk yl-2-th ien ylvin yl)b en zoic A cid D erivatives T he syn thesis and characterization o f p olysiloxan es con tain in g styrylthiophene units as side groups are described. P olysiloxan es containing spacers w ith six or eleven m eth ylen e units e x hibit sm ectic phases. If the spacer contains only three m ethylene units, the p oly silo x a n es exh ib it n o liquid crystalline behaviour.
Introduction
The preparation o f liquid crystalline side chain polymers was first reported in 1978 by V. P. Shibaev et al. [1] and J. H. W endorff et al. [2] , Since that time, several hundred of such polymers have been synthesized [3, 4] , In most cases, the mesogenic groups consist of arom atic units. Only few studies are concerning with polymers carrying heterocyclic units in the mesogenic group [5] [6] [7] . Therefore, we synthesized polymers with thiophene units containing mesogens. The results concerning the preparation and the thermal behaviour of these new liquid crystal line polysiloxanes with styrylthiophene units as mesogenic groups are presented.
R esults and D iscussion

Synthesis
The polysiloxanes were synthesized by the fol lowing scheme: Starting with 4-methoxycarbonylbenzyltriphenylphosphonium bromide and 5-substituted thiophene-2-carbaldehydes, the 4-(5-alkyl-2-thienylvinyl)benzoie acids 1 and 2 were obtained by Wittig reaction and subsequent saponification [8] , Azeotropic esterification with co-alkene-l-ols [9] gave the co-alkenyl thienylvinylbenzoates 3 to 8.
The chemical shifts by 'H N M R spectroscopy for the com pounds 1 to 8 of the arom atic protons and the protons of the vinylene units are given in Fig. 1 . The experimental part contains the chemi cal shifts of the remaining protons and some data by IR spectroscopy and elemental analyses. The polysiloxanes 9 to 15 were prepared by a polyhydrosilylation reaction of poly(hydrogenmethylsiloxane) by the alkenyl thienylvinylben zoates 3 to 8 [10] . The polysiloxanes 9 to 15 have been characterized by IR, 'H N M R spectroscopy and elemental analyses.
The transition tem peratures, determined by DSC and microscopy, are given in Table I and II.
Phase transitions
The thienylvinylbenzoic acids 1 and 2 have re versible nematic phases with Schlieren and thread ed texture, observed by Differential Scanning Cal orimetry (DSC) and microscopy under polarized light. Below the nematic phase, the thienylvinyl benzoic acid 2, carrying a butyl group as terminal group, additionally exhibits a reversible smectic phase. The tem peratures of the phase transitions are listed in Table I .
The alkenyl thienylvinylbenzoates 3 to 8 exhibit no liquid crystalline behaviour. the spacer contains six or eleven methylene groups, the polysiloxanes have liquid crystalline phases, in dependent of the terminal group. During cooling, the isotropic melt begins to separate a SA-phase at the clearing point in the form of typical bätonnets, which grow and organize their shape until a Schlie ren texture is established as one can see by m icro scopical observation. After a long time o f anneal ing and repeated cooling and heating a fan texture is established partly. The polysiloxanes 9 and 10 with a spacer length of three methylene units exhibit no liquid crystal line phases. They only have a transition solid-iso tropic. Glass transitions can not be observed.
The polysiloxanes 11 and 12, which have a spacer with six methylene units, show two reversi ble phases, whereas the polysiloxanes 13 to 15, car rying a spacer with eleven methylene units exhibit only one liquid crystalline phase. The type o f the second smectic phase can not be determined exact ly by microscopy. The flexible spacers give rise to a decoupling of the m otions o f the side groups from that o f the m ain chain. With increasing flexible spacer length, decoupling increases and liquid crystallinity be comes more possible. But similar polysiloxanes with stilbenecarboxylates as mesogenic groups ex hibit smectic behaviour, if the spacer contains three methylene groups [11] . So, an other reason for the absence of the liquid crystalline phase could be the thiophene unit. trans-Stilbene [12] and /ra«j'-l,2-di(2-thienyl)ethylene [13] are planar in the solid state. Therefore, one can suppose, transl-phenyl-2-(2-thienyl)ethylene is planar, too. In contrast to benzene units, the alkylgroups of the thiophene units can take in two various space tran sitions [14] . One of these positions is favourable to the linear molecule, and liquid crystallinity be comes more possible. The other position is not fa vourable for mesogenic phases, because the shape o f a rod is not performed.
Lengthening the polymer chain from 10 to 40 S i-O -u n its the phase transition tem peratures and the kind of liquid crystalline phases is not influ enced. The same influence of the chain length has been found by H. Stevens et al. [15] .
Experimental 'H N M R spectra were determined with a Bruker WH-270 instrument. Infrared spectra were record ed on Perkin-Elmer-580 B-spectrometer. The elemental analyses were made in the M ikroanalytisches Labor of the Institut für Organische Chemie.
Thermal properties of the com pounds and poly mers were studied by optical microscopy using po larized light (Universal Forschungsmikroskop, Carl Zeiss) fitted with a program mable heating stage (Linkam THM 600 and TMS 90); they were checked by DSC (Heraeus TA 500). A scanning rate o f 10 K/m in was used. A lkyl-2-thienylvinyl)benzoic acid 1 and 2 23.1 g (47 mmol) 4-methoxycarbonylbenzyltriphenylphosphonium brom ide and 56 mmol of the 5-substituted thiophene-2-carbaldehyde in 100 ml absol. m ethanol were transferred to 1 and 2 [8] . The carboxylic acids were refluxed in toluene for 8 h with a catalytic am ount o f iodine in order to form the trans-isomers.
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Polysiloxanes 9 -15
A m ixture of 0.25 g (0.327 mmol) poly-(hydrogenmethylsiloxane) (x = ca. 10; Baysilonoil M H 4*) and 3.8 mmol of the appropriate alkenylthienylvinylbenzoates 3 to 8 respectively 0.2 g (0.078 mmol) poly(hydrogenmethylsiloxane) (x = ca. 40; Baysilonoil M H 15*) and 1.6 g (3.7 mmol) 8 in 9 ml absol. toluene were heated to 80 °C under stirring and nitrogen. 0 .1 ml of a 2% (wt/v) ethanolic H 2PtCl6-solution was added, and the mixture was heated to 80 °C for one more hour. Then it was refluxed for 25 h. The solvent was evaporated and the residue was extracted with hot ethanol un til the product was found to be free from co-alkenyl ester analogous to G. Nestor et al. [10] by DC (C H 2C12 eluent, silica gel). The polymers were dis solved in dichloromethane and filtered to remove any particulate impurities. The solvent was evap orated and the polymers were dried in vacuum at 60 °C. Yields and analytical data for the polysiloxanes 9 to 15 are given: 
